ABSTRACT
SOMMAIRE
. La structure contient un site Fe à coordinence octaédrique impliquant des atomes d'oxygène, la distance <Fe-O> étant 2.025 Å, indication de la présence de Fe 3+ à ce site. Il y a quatre sites Si, chacun contenant le Si seulement, avec une distance <Si-O> de 1.627 Å. Un des tétraèdres est une groupe silicate acide: SiO 3 (OH). Les quatre tétraèdres Si sont interliés par partage de coins, pour former un agencement linéaire [Si 4 13 ]; c'est donc dire que la hubéite est un sorosilicate. La structure est faite de couches de groupes [Si 4 
EXPERIMENTAL
The crystals used in this work are from the type locality and were obtained from Mr. Charles L. Key. A small crystal was attached to a glass fiber and mounted on a Siemens P4 automated four-circle diffractometer equipped with a 1 K CCD detector and MoK␣ X-radiation. The settings of 6254 (>10 I / ) reflections were used to refine the unit-cell dimensions by least-squares (Table 1) . Intensity data were collected using a frame width of 0.2° and a frame time of 45 s, and 10,074 reflections were integrated over the range 4 ≤ 2 ≤ 60°. The data were corrected for absorption using SADABS, and for Lorentz, polarization and background effects, averaged and reduced to structure factors; of the 3456 unique reflections, 2875 reflections were considered as observed [|F o | ≥ 5F].
STRUCTURE SOLUTION AND REFINEMENT
Scattering curves for neutral atoms were taken from the International Tables for Crystallography (Ibers & Hamilton 1992) . R indices are given in Table 1 , and are expressed as percentages. The Siemens SHELXTL PLUS (PC version) system of programs was used for this work.
The structure refined rapidly to an R index of ~3% for a model with variable scattering at the cation sites with coordination numbers between [6] and [8] , and anisotropic displacements on all non-H atoms. The occupancies at the Fe and Mn sites refined to values marginally less than their ideal sums for these sites, consistent with the presence of minor "lighter" scattering species at both sites. Minor Al and Mg from the chemical analysis was assigned to the Fe site, and the amount of Ca in excess of 2 atoms per formula unit (apfu) was assigned to the Mn site (Table 2 ), in accord with the observed scattering and bond lengths at the two sites. The OW(2) and OW (3) Positional and displacement parameters for the refinement are given in Table 3 , selected interatomic distances and angles in Table 4 , and a bond-valence analysis in Table 5 . Observed and calculated structurefactors are available from The Depository of Unpublished Data, CISTI, National Research Council, Ottawa, Ontario K1A 0S2, Canada.
ELECTRON-MICROPROBE ANALYSIS
The crystal used in the collection of the X-ray intensity data was analyzed after the X-ray work with a Cameca SX-50 electron microprobe operating in wavelength-dispersion mode with an accelerating voltage of 15 kV, a specimen current of 20 nA, a beam size of 2 m and counting times on peak and background of 20 and 10 s, respectively. The following standards were used: diopside (Si, Ca); spessartine (Mn); fayalite (Fe); andalusite (Al); forsterite (Mg). Data were reduced using the (Z) procedure of Pouchou & Pichoir (1985) . The chemical composition of the fragment used in the collection of the X-ray intensity data is given in Table 2 and is the mean of 10 determinations. The unit formula was calculated on the basis of fifteen anions including one (OH) and two (H 2 O) groups.
DESCRIPTION OF THE STRUCTURE

Coordination of the cations
There are two Ca sites, each occupied entirely by Ca. The Ca(1) site is coordinated by seven O-atoms between 2.328 and 2.625 Å and one O-atom at 3.084 Å arranged at the vertices of a distorted cube (Fig. 1a) . The Ca(2) site is coordinated by six O-atoms between 2.259 and 2.529 Å and one O-atom at 2.916 Å arranged at the vertices of an augmented octahedron (Fig. 1b) . There are four Si sites, each occupied by Si and surrounded by four anions in a tetrahedral arrangement. The <Si-O> distances are typical for Si, and are in accord with the absence of [4] Al in hubeite. Note that Si(4) bonds to an (OH) group, and hence the resultant tetrahedron is an acid-silicate group: SiO 3 (OH). The O(4) and O (7) Figure 2 . The near-linear relation indicates that the assigned weak Ca-O br bonds in hubeite are conformable with the overall bond-valence requirements for the O br anion.
There is one Fe site surrounded by six O-atoms in an octahedral arrangement with an <Fe-O> distance of 2.025 Å. This value is close to the sum of the empirical radii (Shannon 1976) 
Structure topology
The structure of hubeite is a framework of heteropolyhedra with alternating layers of tetrahedra and 
The layer of tetrahedra:
The four Si tetrahedra link via bridging O-atoms at O(4), O(7) and O(10) to form a near-planar crescent-shaped [Si 4 13 ] group (Figs. 3a, b) . The individual Si-O distances and Si-O br -Si angles (Table 4 ) are similar to those in ruizite (Hawthorne 1984) , and the correlation between increasing <Si-O br > and Si-O br -Si is also very similar (Fig. 4) . The basic geometrical difference between the [Si 4 13 ] groups in hubeite and ruizite is shown in Figure 5 . The crescentshaped [Si 4 13 ] group in hubeite (Fig. 5b) can be approximately derived from the [Si 4 13 ] group in ruizite (Fig. 5a ) by 180° rotation about the midpoint of the latter group. Also note that ruizite contains two central acid SiO 3 (OH) tetrahedra, whereas hubeite contains a single SiO 3 (OH) tetrahedron at one end of the [Si 4 13 ] group. Opposing [Si 4 13 ] groups in hubeite, related through a center of symmetry, form eight-membered rings of tetrahedra internally linked by two strong hydrogen-bonds (Fig. 3c) . Within the central cavity of the ring of tetrahedra are the isolated (H 2 O) groups OW(2) and OW(3).
The layer of heteropolyhedra: The Ca polyhedra share edges to form a linear tetramer, and these tetramers share edges to form staggered ribbons that extend in the a direction (Fig. 6) . The edges of these ribbons are decorated with Mn octahedra that share edges with the Ca polyhedra, and these ribbons are linked in the b direction by dimers of edge-sharing Fe octahedra (Fig.   6 ). The [Si 4 13 ] groups occur around the large holes in the layer of heteropolyhedra, sharing corners with all types of di-and trivalent metal polyhedra. The resulting sheet has large holes (Fig. 6) , and the sheets stack in the c direction, creating channels along [001] that are occupied by the isolated (H 2 O) groups at OW(2) and OW(3) and by the H-atoms belonging to OW(1).
Hydrogen bonding
As noted above, the [Si 4 13 ] group in hubeite contains a terminal SiO 3 (OH) tetrahedron in which the H(1) atom of the (OH) group forms a strong hydrogen bond to the O(1) anion of an adjacent [Si 4 13 ] group, forming an interrupted eight-membered ring of tetrahedra (Figs. 3, 7 , Tables 5, 6). The (H 2 O) group at OW(1) is bonded to two Ca atoms and resides along the interior wall of the channel extending along [001] (Figs. 6, 7) . The H(2) and H(3) atoms associated with OW(1) form hydrogen-bonds to the isolated (H 2 O) groups OW(2) and OW(3). One (H 2 O) pfu is equally distributed over the OW(2) and OW(3) sites such that each site is 50% occupied. The close proximity of OW(2) and OW(3) (0.69 Å) precludes mutual local occupancy of the two sites; however, note that the associated H(4) and H(5) sites are the same for both (H 2 O) configurations. Each possible local hydrogen-bond configuration involving two adjacent OW(1) sites [and proximal OW(2)-OW(3) sites] is shown in Figure 7 . Irrespective of whether OW(2) or OW (3) freedom suggests the possibility of dynamic disorder between OW(2) and OW(3) at room temperature.
RELATED STRUCTURES
Hubeite, inesite, babingtonite and rhodonite are all triclinic (P1) minerals based on layers of edge-sharing (Ca-Mn-Fe) polyhedra that alternate with layers of Si tetrahedra (Table 7 , Fig. 8 ). Rhodonite (Pertlik & Zahiri 1999) and babingtonite (Tagai et al. 1990 ) contain fiverepeat chains of tetrahedra that, if artificially displaced in the manner shown by the red arrows in Figure 8 , form alternating eight-and six-membered rings of tetrahedra analogous to those in inesite (Wan & Ghose 1978) . If the two grey-shaded tetrahedra of the six-membered ring in inesite (Fig. 8) are omitted and the eight-membered ring is broken and hydroxylated, the arrangement of tetrahedra in hubeite is formed. The bands of polyhedra in rhodonite, babingtonite and inesite contain 10, 8 and 9 contiguous polyhedra, respectively, along the band, with relative offsets of 2, 0 and 1 octahedra on either side of the central axis of the band. For hubeite, the strip of polyhedra is 10 polyhedra long; however, there are two vacancies near the ends of the strip. There is a greater degree of linkage of adjacent strips of polyhedra in hubeite (relative offset: four octahedra), with polyhedron vacancies in adjacent slabs arranged opposite each other, creating the large holes within the layer. The intimate physical association of hubeite and inesite at the Daye mines (Hawthorne et al. 2002) is not surprising, considering the close structural affinity (Fig. 8 ) , density and H 2 O contents of these two minerals (Table 7) .
